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Abstract 
 
Being as a relatively new approach of signalling, moving-block scheme 
significantly increases line capacity, especially on congested railways. This paper 
describes a simulation system for multi-train operation under moving-block 
signalling scheme.  The simulator can be used to calculate minimum headways 
and safety characteristics under pre-set timetables or headways and different 
geographic and traction conditions.  Advanced software techniques are adopted 
to support the flexibility within the simulator so that it is a general-purpose 
computer-aided design tool to evaluate the performance of moving block 
signalling. 
 
 
1 Introduction 
 
As the demand for train density on highly loaded railway systems 
increases, the moving block signalling (MBS), which may significantly 
reduce the headway, has been proposed as an alternative to the more 
commonly used fixed block signalling (FBS).  To date, MBS has been 
implemented successfully in metro systems in which train service of high 
frequency is required.  It has been proved that MBS can minimise the 
separation between successive trains to about 60 to 90 seconds in metro 
systems with light train weight, which means a significant increase of the 
line capacity.  
    A proper theoretical treatment of MBS can be found in [1].  A pure 
moving block (PMB) system relies on continuous bi-directional 
communication between the trains and a central controller. All trains 
report their positions, speeds and states of operation while they receive 
operation commands of speed restrictions and operation modes.  The 
continuous exchange of information allows the full use of the braking 
system to keep trains at maximum possible running speed under safety 
constraints.  However, no evidence shows PMB has been applied in any 
real system yet. 
In practice, the bi-directional communication link can be realised by 
track conductor loops.  The SELTRAC system [2][3], which has been 
used in the Vancouver Skytrain, the London Dockland Light Railway and 
the San Francisco light rail network, is a typical example.  The track 
conductor loops are 25m in length, which defines the resolution of train 
position, accuracy of speed restrictions and minimum headway.  
Communication from the trains to the central controller is virtually 
continuous.  It is regarded as a pseudo-moving-block system with bi-
directional data transmission.  A similar approach has been found in the 
LZB510 system [4], in which track conductor loops are used to improve 
the performance of train control with FBS.  The lengths of track loops 
range from 78m to 130m, depending upon the track geometry.   Because 
of the longer track loops, the speed restrictions behind a train become a 
step-wise profile as described in Section 2, instead of a continuous one in 
a PMB system or even SELTRAC where the loop lengths are 
substantially shorter. 
It can be projected that MBS will be used more extensively in railway 
systems as the demand on train service keeps increasing.  Implementation 
of MBS, in both existing and new lines, requires not only huge 
investment but also high reliability of various facilities to guarantee safe 
train operations and hence take the full advantages of MBS.  Computer 
simulation is the essential tool to evaluate the performance of the system 
during the stage of system design.  Several studies of the characteristics 
of the MBS on different railway systems have been conducted by 
simulation.  A discrete-event simulation model to evaluate the 
performance of MBS using track conductor loops to transmit continuous 
information was developed by Hill and Bond [5].  Takeuchi and 
Goodman [6] investigated the peak power demand reduction strategies 
under MBS system with realistic traction characteristics of locomotives.  
Most of the existing simulators incorporated with moving block 
signalling were developed for specific purposes.  In order to examine 
various aspects of the MBS on railway systems of different types, a 
number of simulators may be required.  It is therefore desirable to have  
one single simulator which is capable of coping with a variety of studies 
on railway systems of different specifications and configurations.  This 
paper presents the design and implementation of such a general-purpose 
multi-train simulator in which train movement is regulated by MBS.  The 
simulator aims to provide a flexible tool for the railway engineers to 
investigate the applications of MBS on both inter-city and metro railway 
systems.  Advanced software techniques are adopted on data 
management and software development so that it is simple to engage the 
simulator on a wide range of applications.  
     The simulator enables users 
• to determine the minimum headways between trains with different 
speed restrictions and priorities. 
• to evaluate system operations under different system parameters 
including track geometry and locomotive parameters of mixed 
traffic. 
• to validate given timetable or headway and check against conflicts 
at junctions or termini.  
• to study service recovery measures for possible disturbance of 
service due to accidents, severe delays or  equipment faults.  
     This system includes the following features: 
• time-based and event-based simulation models to suit the needs of 
various applications.  They offer the trade-off between accuracy of 
train movement and computational demand.  
• object-oriented programming approach to allow efficient data 
management and modular software design for systematic 
development and easy addition/deletion of functions. 
• flexible user-interface to give users a simple and friendly 
environment to handle the vast amount of data necessary for 
railway system simulation.  Both input and output data can be 
manipulated through this interface. 
 
 
2 Simulation Models 
 
2.1 Basic model 
 
As PMB reduces the minimum separation between two successive trains 
to zero when compared with FBS, it offers a higher line capacity.  In 
theory, when two trains fT  and bT  are running along the track, the 
minimum separation between them is given by the braking distance bD  
for the train behind bT  to stop from its current speed bv  to a complete 
stop.  If b is the braking rate,  
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However, it is necessary to leave a certain margin S for equipment 
reaction time and safety in practice.  Therefore, the instantaneous 
minimum separation between two successive trains becomes 
   S
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From the operation point of view, it is necessary to obtain the speed 
restriction bV  imposed on bT  due to fT .  It is given by the braking 
profile as illustrated in Figure 1.  The profile shows how bT  brakes to a 
stop from its maximum possible speed maxbv  and it is attached to a 
distance S behind fT .  In other words, bV  is a function of the current 
position of bT  and maxbv .  
If track conductor loops are used as the communication link in the 
MBS, a step-wise braking profile, as indicated by dotted line in Figure 1, 
with one discrete speed restriction for each loop may be more 
appropriate.  If L is the length of the loops and 
max
|max bb vvbb DD == , the 
number of speed restriction steps required are 
                                          ( ) 1max += LDIntN b    (3) 
In general, the loops may not be of the same length, the number of 
speed restriction steps can be calculated by the relative position of fT  on 
the track.  On the other hand, when the loop lengths are small, a 
continuous braking profile is still a reasonable approximation 
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           Fig.1  Speed restrictions behind a train 
 
2.2 Train movement calculation 
 
Apart from the speed restriction imposed by the train in front, train 
movement is also under the constraints of civil speed restriction, track 
geometry and traction equipment characteristics.  These factors are taken 
into account in this simulation system.  Depending upon the level of 
detail required in particular applications, there are two approaches, time-
based and event-based models, to calculate train movement as a function 
of time.  Their advantages and limitations have been discussed in [7]. 
 
2.2.1 Time-based model 
The time span is divided into equally-spaced intervals in this model.  
Simulation proceeds by updating simultaneously the behaviour of all 
trains at each time interval. 
Each time update of simulation proceeds through a number of stages.  
At the beginning of a time update, the latest position and speed of every 
train are checked against the braking profile attached to the train in front 
and its operation mode is determined accordingly.  The new train 
position and speed are then calculated with respect to the operation 
mode.  Before moving on to the next time interval, the braking profiles 
are shifted together with the movement of the trains.  Both continuous 
and step-wise braking profiles are possible and the user is allowed to 
choose according to the application requirements.  
2.2.2 Event-based model 
Train movement in event-based model is denoted by the occurrence of a 
sequence of events, which can be linked together through the interactions 
among the trains via signalling system.  As a PMB system relies on the 
continuous exchange of information between trains and a central 
controller, it may be difficult to specify suitable events to explicitly 
represent the train movement and take the full advantages of an event-
based model. 
However, MBS with track conductor loops may enable the use of 
event-based model.  The events can be defined as the time instants at 
which a train passes through the end of a track loop.  The position and 
speed of a train is checked against the braking profile attached to the 
train in front; and the corresponding braking profile is updated only when 
an event occurs.   One event will then trigger the other and the train 
movement evolves.  Since the detail of train movement within the 
conductor loops is omitted in the calculation, this approach substantially 
saves computational effort, but inevitably at the expense of a certain 
degree of accuracy. 
 
2.3 Consideration of inter-city systems 
 
Even though MBS has been mainly applied in metro systems so far, there 
are always needs to examine the feasibility of increasing line capacity of 
a busy inter-city line by using MBS.  Additional features are thus 
introduced in this simulator to enhance its applicability on inter-city 
systems. 
The operation principle of MBS in an inter-city line is very much the 
same as that in a metro-system.  The major consideration is the modelling 
of mixed traffic.  As far as train movement calculation is concerned, 
different types of trains have different maximum speeds and braking 
rates because of the characteristics of traction equipment.  As a result, 
the braking profile attached to the tail of a train depends on the type of 
train behind.   According to the demand of the service, the trains may 
have different scheduled station stops and some may even stop at termini 
only, certain arrangements for overtaking, usually at multi-platform 
stations, are included in the simulator.  It implies that the modelling of 
more complicated track layouts than simple single track is necessary.   
 
 
3  Software Design 
     
The behaviour of a railway system is governed by the inter-relationships 
of the components within the system.  Depending upon the requirements 
of the application, the simulator has to deal with different variations in 
each component within the railway system.  For example, trains with 
different characteristics are allowed or railway networks with different 
track layouts need to be modelled.  In order to develop a general-purpose 
simulator, all possible variations of a railway system should be available 
to the user with great flexibility.  Efficient modelling and data 
management is vital to this versatility. 
 
3.1 Object-oriented programming 
 
Object-oriented approach is the programming technique which has been 
successfully applied in several railway simulation studies [8] [9].  The 
concept is that an object is defined by a list of abstract attributes to 
specify its properties; and a list of methods to operate on these attributes.  
A class is a collection of objects which share common attributes and 
methods.  A method of an object is only invoked by a suitable message, 
which consists of an address of the object(s) to send the message to and 
an instruction denoted by a method name and a certain number of 
parameters.  The essential components of a railway system, such as trains 
and track, as well as the corresponding operations, can be abstracted as 
objects.  For example, a ‘Train’ class is defined by the attributes of 
weight, length, traction characteristics, current position and speed; and 
the method ‘movement’ to calculate its movement.   
The definition of an object allows everything the object needs to be 
included within the object so that the interface with other objects does 
not require its internal structure to be exposed.  This concept of 
information hiding encourages modular structure in such a way that any 
changes on the implementation of an object do not affect other objects 
interfacing with it so long as the interface does not change. 
The feature of inheritance paves the way to deal with the structural 
and semantic relationships between objects or classes without storing 
duplicate data and methods.  The definition and implementation of a new 
class can be based on those of the existing classes.  The same attributes 
and methods can be used in the new class or redefinition is permitted.  
For example, a class of ‘Freight_Train’ can be defined from the class of 
‘Passenger_Train’ as they share similar properties and operations.  
However, a freight train may do without certain attributes of a passenger 
train, such as the list of station dwell times along the line, or vice versa.  
In addition, it is possible to define another class of ‘Passenger_Train’ 
whose method of ‘movement’ is different, in order to differentiate the 
time-based and event-based approaches.  Inheritance is therefore the 
mechanism to incorporate extensibility into the software. 
The object-oriented concept also provides the ability, referred as 
polymorphism, for the same message to lead to completely different 
actions when received by different objects.  For example, when there are 
two classes of ‘Train’ with train movement methods by time-based and 
event-based approaches respectively, objects inheriting the methods from 
these two classes will respond to the same message 
‘calculate_movement’.  Even though the subsequent procedures of 
calculation are completely different, movement of the train is still 
attained as the end result. 
 
3.2 Software Structure 
 
In order to simulate train movement, three major components, trains, 
track and signals, are essential.  Each component is defined and handled 
independently as classes or families of classes.  A simulation manager at 
a higher level oversees the overall set-up and control.  Fig. 2 depicts the 
structure of the simulator. 
Classes for different types of trains with different processing methods 
are defined and inherited from a superclass ‘Train’ so that they share the 
same interfaces with other components of the system.  Any number of 
instances can be created from any of these classes; and manipulated and 
destructed later on through a train construction class, Train Manager. 
A railway network can be described by the commonly used node-link 
assignment approach.  Nodes are the intersections and platforms or any 
particular points along the track whereas links are the connections 
between nodes.  Classes of nodes and links are defined according to their 
natures.  Again, one class can be derived from another through the use of 
inheritance.  A Network Manager class is responsible for the 
construction and initialisation of the network. 
As described in Section 2.1, the signals with MBS can be regarded as 
a speed-restriction profile attached to the tail of a train.  Class is defined 
to encapsulate the concept of such a profile by describing its location and 
nature; and methods to update it.  Classes of objects, to represent and 
check the status of points, to set and release routes and to detect 
conflicts, are also needed.  The signalling model is under the control of a 
Signal Manager class. 
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Figure 2  Class hierarchy within the simulator 
 
The classes of Train Manager, Track Manager and Signal Manager 
are created and co-ordinated by a Simulation Manager class.  According 
to the requirements of the railway system to be simulated, the Simulation 
Manager class carries out initialisation by requesting the respective 
managers to provide the necessary set-up.  For obvious reasons, different 
numbers of instances from various classes are needed in different 
applications.  The instances created from the three managers are knitted 
together through dynamic binding so that the same software can be used 
in applications of a wide range of configurations. 
The User Interface class allows the user to handle the input and output 
data and specify the functions to be simulated.  Output data can be 
displayed as plain text files or graphs through the Graphics Display 
Manager class. 
 
 
 
 
 
4 Conclusion 
 
This paper describes the design and development of a general-purpose 
multi-train simulator featuring moving block signalling.  The possible 
variations of MBS are included and mixed traffic is allowed in the 
simulator.  Both time-based and event-based models are available to suit 
individual applications.  The generic nature of the simulator is resulted 
from the adoption of the object-oriented approach in software design and 
implementation.  This simulator will be a useful tool for research and 
development on MBS and its applications. 
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